In the first part of this paper, the actual requirements for 94/9/CE, the certification of equipment intended to explosive mechanical equipment are given. The main results concerning atmospheres was only dedicated to electrical equipment. the ignition by friction and impact are presented in the second Since the 1 st July 2003, the non-electrical sources of part and some practical implications in the last section. inflammation are also to be looked at before putting an ATEX equipment on the market (pumps, couplers, reducing gears, 11. REQUIREMENTSANDHAZARDASSESSMENT Among these sources, mechanical friction and impacts are a A. Requirements of Directives and Standards main cause of ignition of explosive atmosphere. The risk analysis of the equipment consists in considering the failures, Non electrical equipment are dealt with in directive 94/9/CE which can lead to ignition. If the failure involves a friction when placed on the market for use in hazardous areas between two parts or an impact, we shall estimate if this (concerns firstly the supplier) and by directive 1999/92/CE friction or impact dissipates a sufficient amount of energy to
Among these sources, mechanical friction and impacts are a A. Requirements of Directives and Standards main cause of ignition of explosive atmosphere. The risk analysis of the equipment consists in considering the failures, Non electrical equipment are dealt with in directive 94/9/CE which can lead to ignition. If the failure involves a friction when placed on the market for use in hazardous areas between two parts or an impact, we shall estimate if this (concerns firstly the supplier) and by directive 1999/92/CE friction or impact dissipates a sufficient amount of energy to [3] when intended to be installed in hazardous area ignite the surrounding explosive atmosphere.
(concerns firstly the user).
As part of the European program MECHEX, we have
The essential health and safety requirements of the directive studied the process of degradation of the mechanical energy 94/9/CE demand among others that the manufacturer take into heat during friction and impacts and we have examined measures to prevent the ignition of explosive atmospheres, the mechanisms of ignition at the contact zone.
taking into account the nature of every electrical and nonAn extensive experimental program is presented and some electrical sources of ignition. Some supplementary "simple" modelling is proposed on purpose of practical requirements are specific of the category of equipment: applications. For frictional situations, a critical rubbing power is . For category 1 (equipment intended to zone 0): calculated without any limitations as for a potential lower Equipment must be so designed and constructed that boundary concerning the rubbing velocity. For "impacts", the sources of ignition do not so become active, even in the relevant parameter for ignition is not the kinetic energy of the event of rare malfunctions. projectile but its velocity and the nature of the materials. .
For category 2 (equipment intended to zone 1):
Equipment must be so designed and constructed as to Index Terms -ATEX, Mechanical ignition source, Nonprevent ignition sources arising, even in the event of electrical Equipment frequently occurring disturbances or equipment operating faults, which normally have to be taken into 1. INTRODUCTION account.
For category 3 (equipment intended to zone 2): Since the implementation of the ATEX directive 94/9/CE [1] Equipment must be so designed and constructed as to in July 2003, the non-electrical sources of inflammation shall prevent foreseeable ignition sources which can occur also be examined before putting an ATEX equipment on the during normal operation. market (pumps, couplers, reducing gears, ... operated, in such a way as to minimize the risks of an explosion.
Experimental equipment
For a given heat power produced in the rubbing zone [7] , To comply with the requirements of the Directive 94/9/CE we traditional thermodynamical laws tell that the maximum may generally use the harmonized standard EN13463-1. We temperature may depend on some geometrical sizes (area of can also use the frame of this standard to carry the hazard the contact zone, diameter of the machine,...) of the rubbing assessment of the equipment that is already installed and to equipment. Mainly for this reason, two experimental set-ups include this assessment to the explosion protection document have been used (figure 1). The evolution of the rubbin temperature as function of the also think to the bearings or to the friction of a roller on a rail. nominal power expressed in terms of normal load (N) times the When the malfunction introducing a risk or friction or impact sliding velocity (V) is shown on figure 2 for the various sliders is identified, the problem is then to determine if this friction or used and the two machines. There is a clear trend of impact could become an effective ignition source or not. The type of source could then be a hot surface or sparks but it Is power. There is also a clear incidence of the nature and of the difficult to know if the phenomena are sufficient to Ignite the width of the slider and globally of the size of the rubbing explosive atmosphere. *~~~~~~~~~machine.
MECHANICAL FRICTION AND IMPACT

A. IGNITION RISK BY FRICTION
Friction between two solid bodies is a process through which mechanical energy is transformed into heat. Experience reveals that heat is produced in the rubbing zone where the material is severely stretched and diffuses outwards. The impact was filmed with a high speed camera in order to estimate the impact speed and to detect the fragments. Figure 7 : Maximum impact temperature of the hot spot for Simultaneously, the temperature in the contact zone was various conditions measured with a high speed monochromatic pyrometer [5, 7] .
The physical analysis of the results [5, 7] suggests that the A sample of those measurements is shown on figure 6 . The efforts, deformations, fragment production... should be the impact results in a sharp temperature rise (up to hundreds of consequence of the strain waves produced in the very first 0C in a few tens of microseconds) followed from a rapid but moments of the impact and propagated at the speed of sound more progressive decrease (in milliseconds). Usually a chip is in the materials. These waves are responsible for the rebound.
produced which constitutes a unique fragment of mm size.
The experimental evidence suggests also that heat is produced due to some intense but very short rubbing on the target during the time of the rebound. while the projectile slides against the target with the tangential component of the impact velocity. The amount of heat produced is then driven away by transient thermal conduction A model has been proposed elsewhere [5] and the final equation reads:
(Tmp -Timid ) = f Km V2 L than a ratio of 10 whereas Tpcit varies only in a ratio of 2 It is _________mb J_=_f_Km_V_ L__then tempting to use this formula by setting K, to 20, a rather large value, and Timp to 5500C, one of the smallest practical where L stands for the length of the projectile and V the ignition temperature, L being the remaining unique variable impact velocity. Timp is the peak temperature reached during equal to the largest dimension of the projectile. It is finally very the impact. K, is a composite parameter dependant only on simple to find an order of magnitude of a critical impact the intrinsic properties of the bodies like sound speeds, velocity, capable of igniting an explosive atmosphere. A specific masses and heat capacities, thermal conductivity Km is comparison with data from the literature [7] is presented in typically of the order of 10 (20 for steel) in SI units.
figure 8.
About ignition, both the fragment, if any, and the hot spot may contribute to ignition equally because of their similar size. It has been found also [5] , that the ignition process is closer to a hot spot mechanism as described before than to the standard spark ignition mechanism. Because of the short duration of the hot spot during an impact, the critical ignition temperature appears larger, by a factor between 1 to 2 depending on the atmosphere. The comparison is less favorable than for friction but impact noticed earlier The velocity of the impact appears as a more ignition tests are difficult to perform because of a rather poor convenient parameter. reproducibility. Nevertheless, this very simplified approach seems conservative apart from the specific situations of "thermite" reactions or large objects, mostly because, we believe, the exact geometry of the projectile is not precisely IV. PRACTICAL IMPLICATIONS known.
As a final remark, the kinetic energy of the projectile does The foregoing simplified models are issued from a more not appear, at any moment, neither in the data reduction of the sophisticated tool in which the various equations are solved numerically. The latter gives less conservative results than the A gasoline pump supplier is concerned by the explosion hazard raised by a new type of connector to feed LPG in cars. former with exactly the same trend [5] . Both can be used for The possibilities of an impact of the connector on some solid practical applications.
surface and of a friction due to the rubbing along a moving The basic parameters to feed into the models are the nature vehicle were identified. Impact and rubbing experiments have of involved material, the size of the equipment, the explosive been performed. Both the connector and the rubbing/impact properties of the atmosphere, the velocity (sliding velocity for surfaces are mainly made of steel. The typical diameter of the friction and incident velocity for impact), the normal load and connector is 5 cm. Given the geometry of the connector, a frictional area for friction. The temperature in the contact zone typical rubbing size of 10 mm was chosen. is calculated and compared to the critical hot spot temperature for the atmosphere.
For LPG, the critical ignition hot spot temperature is about Some examples of applications are presented below.
6500C. At this level of temperature, the steel-steel friction coefficient is about 0.3.
A. Lifting screw
The use of the foregoing simplified expressions reveals that Within the scope of the CE certification, the case of a lifting the critical impact velocity would be of the order of 23 m/s and screw devoted to the transfer of combustible powders was the critical rubbing power of about 800 W (N.V = studied. The screw is a long helical steel wire turning inside a 800/0.3=2500 W). Experiments have shown that the peak steel sleeve (inner diameter of the sleeve is about 150 mm, 10 impact temperature is about 6300C at 28 m/s and the rubbing mm wire diameter). The device is driven by a 5500 W electrical temperature is close to 3000C with a rubbing power of 400 W engine at 1500 rpm. Hazard assessment reveals a risk of (N.V = 1200 W). Recalling that the rubbing temperature has friction of the wire against the sleeve. The explosive dusty been observed to be approximately proportional to N.V, the atmosphere has a standard ignition temperature of 2400C experimental observations seem coherent with the predictions.
suggesting a critical hot spot ignition temperature of about 7000C [9] .
On the practical side, those values seem high with regard to the normal way of operating the device and the considered risk With a thermal conductivity of steel of the order of 15 W.m/K might only appear in case of rare events. and a rubbing size of the order of 10 mm (diameter of the wire), the critical temperature could be reached for a frictional power as low as 400 W according to the simplified friction model presented above. This finding may be compared with the experimental data of figure 2 if we consider that this lifting V. CONCLUSION screw is somewhat comparable to the experimental rubbing machines in size. At 700 0C, the friction coefficient is about 0.3
Since the implementation of the ATEX directive 94/9/CE in so that N.V for the lifting screw should be about 1500 W, in line July 2003, the non-electrical sources of inflammation shall also with the data obtained with the small scale machine.
be examined before putting an ATEX equipment on the market (pumps, couplers, reducing gears, ...). Although rather indicative, this result suggests that the power European harmonized standards have been developed by of the machine is larger enough to generate immediately a CEN/TC 305 WG2 to give requirements for non-electrical dangerous situation in case of steel-steel friction. The equipment. The basic standard for non-electrical equipment is simultaneous presence of a dust atmosphere inside the sleeve the EN 13463-1, which requires an ignition hazard assessment should then be avoided by ensuring that the device is always of the equipment with the list of all potential ignition sources. full with bulk dust at full power for instance.
Depending on the category of the equipment (1, 2 or 3), inducing the area where it can be installed (zone 0, 1, 3 or 20, B. Turbine 21, 22), the assessment has to be carried considering only normal use or also foreseeable or rare malfunction. The same We have examined a turbine with a mobile part in aluminium work can be done to ensure that the equipment already in use and an envelope in alloy of steel-aluminium. fulfills the requirements of the directive 1999/92/CE and can be The diameter of the wheel was 340 mm. The nominal speed described in the explosion protection document.
was of 3500 tr.min-1 and the peripherical speed was of 62 m/s.
Concerning mechanical equipment, this assessment often
We have considered the case of a piece of alloy steel-underline the possibility of mechanical friction or impacts as an aluminium blocked between the rotor and the casing of the ignition source during foreseeable or rare malfunction. When turbine generating a strength of 3,6 N.
such a source appears, the manufacturer shall estimate if the The use of the foregoing simplified expressions reveals that friction or impact emits a sufficient energy to ignite the the rubbing temperature at the contact point will be about surrounding explosive atmosphere.
4160C, which can be compared to the critical ignition hot spot The European program MECHEX has permitted to study the temperature of an explosive atmosphere. In the practical process of ignition during friction and impact. The process of studied case it has been demonstrated that there was non degradation of the mechanical energy into heat during friction Ignition risk, or impacts and the mechanisms of ignition at the contact zone have been studied. C-Gasoline feeder An extensive experimental program is presented in this paper but many points have only been surveyed. It was found that, apart for the very special situation of "thermite" reactions,WG2 from TC305 dealing with standards for non electrical equipment in explosive atmospheres. Dr. Christophe PROUST, is a senior scientist specialised in explosions and has managed the work of INERIS in MECHEX project.
